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Flow a c c e le r a t i o n on upper f l a n k s of seamounts may l e a d t o low s e d i m e n t a t i o n b u t areas of high s t a n d i n g s t o c k s of b e n t h i c fauna, p a r t i c u l a r l y f i l t e r feede r s . Other e f f e c t s e x t e n d i n t o t h e water column: n u t r i e n t enrichment and enhanced primary product i v i t y occur over some seamounts.
Longer observat i o n a l p e r i o d s w i l l b e n e c e s s a r y t o u n d e r s t a n d t h e time-varying n a t u r e of such enhanced p r o d u c t i v i t y and t h e e x t e n t t o which i t remains a t t h e seamount or i s advected away. A t h i g h e r t r o p h i c l e v e l s , unusual p a t t e r n s of d i s t r i b u t i o n and abundance occur a t some seamounts. Maintenance of high s t a n d i n g s t o c k s of seamount-associated micronekton and demersal f i s h e s s u g g e s t s t h a t seamounts a r e l o c a t i o n s f o r high r a t e s of energy t r a n s f e r . The energy d r i v i n g t h i s b i o l o g i c a l p r o d u c t i v i t y may e i t h e r be g e n e r a t e d from i n s i t u p r o c e s s e s o r be advected from e l s e w h e r e and c o n c e n t r a t e d a t t h e seamount; i n t e r d i s c i p l i n a r y s t u d i e s w i l l be necess a r y t o b e t t e r understand t h e s e ecosystems. I n t r o d u c t i o n
Seamounts r e p r e s e n t a major p h y s i c a l f e a t u r e of a l l ocean b a s i n s .
For m a r i n e b i o t a , t h e y may b e considered as i s l a n d s s e p a r a t e d by deep ocean a r e a s : seamounts w e r e t h
u s t h e t o p i c of many b i ogeographic s t u d i e s [Wilson and Kaufman. 19871. B i o l o g i c a l communities a t seamounts, however, may d i f f e r q u a l i t a t i v e l y and q u a n t i t a t i v e l y from t h e i r
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c o n t i n e n t a l s h e l f o r s l o p e c o u n t e r p a r t s a t s i m i l a r w a t e r depths [Hubbs, 19591 . I n t h e open ocean, seamounts i n t e r a c t w i t h ocean c u r r e n t s and c r e a t e v a r i a b i l i t y i n t h e p h y s i c a l flow f i e l d . S e v e r a l s t u d i e s have d e s c r i b e d t h e s e e f f e c t s on t h e Gulf Stream [Vastano and Warren, 19761 and t h e K u r o s h i o [Roden e t a l . . 1982; Roden. 19871 . The p h y s i c a l e f f e c t s i n c l u d e l o c a l small-and mesosca7.e phenomena i n c l u d i n g t h e shedding of m e s o s c a l e e d d i e s which a l t e r flow p a t t e r n s f o r s i g n i f i c a n t d i st a n c e s downstream of t h e seamounts [Royer. 19781 .
B i o l o g i c a l e f f e c t s of t h e s e p h y s i c a l c o m p l e x i t i e s a r e not w e l l understood [Genin and B o e h l e r t 1985;
B o e h l e r t , 19861. Discovery of seamount f i s h e r y [Uchida and Tagami. 19841 and m i n e r a l r e s o u r c e s [Manheim, 19861 , however, h a s caused i n c r e a s e d i n t e r e s t i n seamount oceanography and i t s e f f e c t s on b i o t a [Darnitsky e t a l . . 1984: Genin and Boehl e r t . 1985; Uchida e t a l . . 19861. [Taylor. 1917: Huppert and Bryan, 19761 and have been observed over scme seamounts [ D a r n i t s k y . 1980; Owens and Hogg. 1980; Richardson, 19801 . Unfortun a t e l y . oceanographic s u r v e y s g e n e r a l l y have stat i o n p a t t e r n s i n a p p r o p r i a t e t o d e t e c t t h e s e openocean, small-scale or mesoscale phenomena [Roden 19861 . Fig. 1 . Temperature s t r u c t u r e a t Kinami-Kasuga Seamount ( l a t . 21°6'N. long. 143'8'E) a l o n g a w e s t -e a s t t r a n s e c t shoving u p l i f t e d i s o t h e r m s a v e r t h e summit of t h e seamount. Note t h a t t h e v e r t i c a l s c a l e i s 50 t i m e s g r e a t e r than t h e h o r i z o n t a l s c a l e .
The e f f e c t s of s e a f l o o r topography on ocean c u r r e n t s have been a t o p i c of i n t e r e s t t o p h y s i c a l oceanographers f o r s e v e r a l decades. T h i s area h a s r e c e n t l y been reviewed by Hogg l19801 and w a s t h e t o p i c of a monograph by Kozlov [19831. Semis t a t i o n a r y e d d i e s o r Taylor columns above seamounts have been t h e o r e t i c a l l y p r e d i c t e d and e x p e r i m e n t a l l y demonstrated i n t h e l a b o r a t o r y

S t i l l . p a s t t h e o r e t i c a l and o b s e r v a t i o n a l s t u d i e s on t h e p h y s i c s of t o p o g r a p h i c e f f e c t s are a v a i l a b l e t o s e r v e a s a background f o r b i o l o g i c a l s t u d i e s . Many s t u d i e s have s u g g e s t e d t h a t ecosystems a t c e r t a i n banks or seamounts a r e h i g h l y p r o d u c t i v e [Uda and
(Prom Genin and B o e h l e r t . 1985.) r e t e n t i o n of p r o d u c t i v i t y o r a d v e c t i o n and concent r a t i o n of food produced elsewhere.
Some s u p p o r t e x i s t s f o r each of t h e s e hypotheses. D i f f e r e n c e s o f t e n e x i s t between t h e p e l a g i c ecosystems of waters above seamounts and a d j a c e n t . o c e a n i c waters, i n c l u d i n g n u t r i e n t c o n c e n t r a t i o n s [Kozlov e t a l . . 19821. c h l o r o p h y l l [Genin and B o e h l e r t . 19851. p l a n k t o n biomass [Bezrukov and Natarov. 19761 . i c h t h y o p l a n k t o n [Nellen. 19731. and micronekton [ B o e h l e r t and Seki. 19841. I n t h e c a s e of a d v e c t e d p r o d u c t i v i t y . however. seamount populat i o n s may n o t be l i m i t e d by l o c a l p r o d u c t i o n , b u t r a t h e r by p h y s i c a l a g g r e g a t i o n mechanisms [ I s a a c s and Schwartzlose. 1965; D a r n i t s k y e t a l . , 19841. which have been shown t o e x i s t i n g y r e s and n e a r r e e f s and c o a s t a l h e a d l a n d s Hamner. 1980; Olson and Backus. 19851 . Benthic ecosystems on seamounts and i s l a n d s may s i m i l a r l y d i f f e r from c o r r e s p o n d i n g systems on c o n t i n e n t a l s h e l v e s and s l o p e s b u t have t y p i c a l l y been l e s s w e l l s t u d i e d .
In many c a s e s , unusual or even unique f a u n a s e x i s t [Simpson and Heydorn. 1965 ; L i t t l e r e t a l . . 19861. I n a d d i t i o n . more r e c e n t s t u d i e s have i n v e s t i g a t e d t h e r e l a t i o n s h i p of b e n t h i c fauna co c u r r e n t s p e e d s and seamountinduced p h y s i c a l v a r i a b i l i t y [Genin e t a l . . 19861. I n t h i s paper we review t h e e f f e c t s of seamounts on b i o l o g i c a l p r o c e s s e s , p a r t i c u l a r l y a s they a f f e c t p e l a g i c and b e n t h i c ecosystems and f i s he r i e s p r odu c t i v i t y.
[Alldredge and
The P e l a g i c Ecosystem a t Seamounts Much of t h e impact of seamounts on p e l a g i c ecosystems may be t r a c e d t o current-topography i n t e r a c t i o n s , which have been summarized i n t h i s volume by Roden 119871. Where seamounts a c t as o b s t a c l e s t o c u r r e n t flow, compression of streaml i n e s w i l l o c c u r due t o flow a c c e l e r a t i o n . Local d e f l e c t i o n s of isotherms. u s u a l l y i n t h e form of u p l i f t i n g , have been observed above s e v e r a l seamounts a t d i f f e r e n t l o c a t i o n s and d e p t h s [Meincke. 1971; Vastano and Warren, 19761 . Taylor columns r e p r e s e n t an i n t e r e s t i n g phenomenon p e r t i n e n t t o seamounts; a s s o c i a t e d t h e o r y [Taylor. 1923: Huppert and Bryan. 19761 p r e d i c t s such d e f l e c t i o n s a s a r e s u l t of t h e encounter between a c u r r e n t and a seamount. Under c e r t a i n c o n d i t i o n s of c u r r e n t , s t r a t i f i c a t i o n . and topography, a c l o s e d streaml i n e d a n t i c y c l o n i c v o r t e x , o r T a y l o r column, i s expected t o remain t r a p p e d above t h e aeamount [Hogg. 1973; Huppert. 19751 . Such t r a p p i n g may enhance n u t r i e n t s s h a l l o w e r i n t h e water column and i f t h e r e s i d e n c e time of a w a t e r mass above t h e seamount i s s u f f i c i e n t l y long, r e s u l t i n enhanced primary p r o d u c t i v i t y and t r a n s f e r i n t o h i g h e r t r o p h i c l e v e l s . I n t h i s s e c t i o n we c o n s i d e r e v i d e n c e f o r such enhancement and t h e r o l e i t p l a y s i n d i f f e r e n t t r o p h i c l e v e l s .
N u t r i e n t s and Primary P r o d u c t i v i t y
The u p l i f t i n g of i s o t h e r m s o v e r seamounts i s d i s t i n c t and o c c u r s w i t h s u f f i c i e n t frequency t o p r o v i d e s u p p o r t for Taylor column dynamics. As an example. i s o t h e r m s Over Minami-Kasuga Seamount i n t h e Mariana Archipelago [Genin and Boehlert. 19851 showed a c l e a r u p l i f t (Fig. 1 ) which d i d n o t r e a c h t h e s u r f a c e .
Such upwelling a t seamounts. l i k e c o a s t a l upwelling, w i l l t r a n s p o r t n u t r i e n t s i n t o t h e e u p h o t i c zone where t h e primary p r o d u c t i o n i s n u t r i e n t -l i m i t e d ; an analogous s i t u a t i o n e x i s t s around i s l a n d s i n s t r a t i f i e d s e a s , where i n c r e a s e d t i d a l mixing may s t i m u l a t e primary p r o d u c t i v i t y [Simpson e t a l . . 19821. O b s e r v a t i o n s on a v a r i e t y of seamounts s u p p o r t t h i s c o n t e n t i o n ; Bezrukov and Natarov [I9761 suggested t h a t v e r t i c a l v e l o c i t i e s on t h e o r d e r of 0.00003 t o 0.0008 cm-sec-l e x i s t o v e r v a r i o u s seamounts and t h a t d i f f e r e n c e s i n t h e magnitude of upwelling may e x p l a i n v a r i a b i l i t y i n seamount p r o d u c t i v i t y . V o r t i c e s a s s o c i a t e d w i t h seamounts can produce p h y s i c a l s t r u c t u r e s much l i k e open-ocean c o l d c o r e r i n g s . e x c e p t they remain c e n t e r e d over t h e seamount. Kozlov e t a l .
[I9821 d e s c r i b e a "columnar d i s t r i b u t i o n " of temp e r a t u r e , s a l i n i t y . s i l i c a t e , and phosphate over one of t h e summits of Milwaukee Seamount i n t h e s o u t h e r n Emperor Chain, i n which e l e v a t e d n u t r i e n t l e v e l s corresponding t o t h e v a l u e s a t t h e seamount f l a n k s r e a c h h i g h i n t o t h e water column. Two v i s i t s , one month a p a r t , t o Pulkovskaya Seamount i n t h e South P a c i f i c s u g g e s t e d t h a t v o r t i c e s e x i s t e d around t h e twin peaks and " s a t e l l i t e " v o r t i c e s remained i n s u r r o u n d i n g waters. Again, s i g n a l s were a p p a r e n t i n s a l i n i t y , temperature, and s i l i c a t e : s i l i c a t e c o n c e n t r a t i o n a t t h e summit depth of 500 m extended t o t h e s u r f a c e , w i t h v a l u e s n e a r l y double t h a t i n s u r r o u n d i n g w a t e r s [Kozlov e t a l . . 19821. Darnitsky e t a l . 119841 s t u d i e d n u t r i e n t s over Wanganella Bank n e a r New Zealand d u r i n g six v i s i t s from 1974 t o 1977. Although upwelling and t h e r e s u l t a n t n u t r i e n t enrichment were c l e a r l y observed twice, t h e w a t e r was s t r a t i f i e d w i t h no a p p a r e n t seamount e f f e c t d u r i n g f o u r o t h e r t r a n s e c t s . On t h e f i r s t of t h r e e s u r v e y s made w i t h i n a month, u p l i f t e d i s o t h e r m s formed a s u b s u r f a c e c o l d dome above t h e seamount (Fig. 1) .
The v e r t ic a l displacement of t h e u p l i f t e d i s o t h e r m s gradua l l y decreased w i t h d i s t a n c e above t h e seamount. from a 50 m u p l i f t of t h e 17O i s o t h e r m c l o s e t o t h e substratum, t o a decay of t h e c o l d anomaly a t about 80 m depth (180 m above t h e seamount t o p ) . D i f f e r e n t d e f l e c t i o n t r e n d s of i s o t h e r m s i n t h e v i c i n i t y of t h e s u b s t r a t u m around t h e seamount s l o p e formed a "boundary zone" comprising t h r e e d i s t i n c t i v e l a y e r s composed of downward d e f l e c t e d i s o t h e r m s from approximately 500 m t o about 420 m. a r e l a t i v e l y w e l l mixed " t r a n s i t i o n zone" (Fig. 1) between t h e 14.5O and 15O i s o t h e r m s (approximately 50 m above t h e p r e v i o u s l a y e r ) . and an u p w e l l i n g l a y e r s h a l l o w e r t h a n 340 m.
These l a y e r s may be r e l a t e d t o energy d i s s i p a t i o n i n t h e b e n t h i c boundary l a y e r and a g r e e w i t h t h e s t a t e m e n t by Bezrukov and Natarov [19761 t h a t t h e r e i s t y p i c a l l y a change i n t h e s i g n of v e r t i c a l v e l o c i t y between 300 and 600 m on t h e f l a n k s of seamounts.
On t h i s f i r s t survey, c a l c u l a t i o n s based upon seamount morphology s u g g e s t e d t h a t c o n d i t i o n s f a v o r i n g maintenance of a Taylor column were p r e s e n t .
Three chlorophp91 p r o f i l e s baken w i t h i n t h e c o l d dome showed a d i s t i n c t i v e maximum between 80 and 100 m depth, whereas t h e c h l o r o p h y l l maximum l a y e r a t t h e f o u r c o n t r o l s t a t i o n s w a s comparatively d i f f u s e (Fig. 2 ) . The c a u s a l r e l a t i o n s h i p s between t h e l o c a l i z e d upwelling and t h e b i o l o g i c a l response a r e c o r r o b o r a t e d by t h e confinement of t h e c h l o r o p h y l l i n c r e a s e t o d e p t h s below 80 m. t h e uppermost edge of t h e c o l d dome. The c h l o r o p h y l l c o n c e n t r a t i o n s a t s h a l l o w e r d e p t h s above t h e seamount and a t t h e c o n t r o l s t a t i o n s v a r i e d l i t t l e throughout t h e a r e a . These r e s u l t s c l e a r l y cont r a s t w i t h d a t a from t h e second and t h i r d s u r v e y s i n which n e i t h e r c o l d dome nor c h l o r o p h y l l i n c r e a s e s were d e t e c t a b l e a l o n g t h e same t r a ns e c t s . These o b s e r v a t i o n s s u g g e s t t h a t v a r y i n g s t r e n g t h of oncoming c u r r e n t s r e s u l t i n a v a r y i n g time s c a l e f o r p r e s e n c e of t h e u p l i f t e d i s o t h e r m s . E s t i m a t e s of t h e time n e c e s s a r y f o r t h e f o r m a t i o n of t h e observed c h l o r o p h y l l maximum from t h e f i r s t survey, however, s u g g e s t a minimum r e s i d e n c e time U n f o r t u n a t e l y , t h e temporal sampling s c a l e of t h e s t u d i e s d e s c r i b e d above i s i n a d e q u a t e t o d e t e r m i n e t h e temporal dynamics c l e a r l y , and knowledge of r e g i o n a l c u r r e n t s i s f r e q u e n t l y l a c k i n g ; moreover, t h e time s c a l e s w i l l vary from seamount t o seamount, which w i l l have an e f f e c t on t h e manner i n which any enhanced primary p
r o d u c t i v i t y may r e a c h h i g h e r t r o p h i c levels. I n o l i g o t r o p h i c oceans. phytoplankton p r o d u c t i o n would i n c r e a s e i f t h e u p l i f t e d i s o t h e r m s p e n e t r a t e d i n t o t h e e u p h o t i c zone. r e p l e n i s h i n g i t s d e p l e t e d w a t e r w i t h n u t r i e n t s , a s noted by Kozlov e t a l . [I9821 and i n t h e f i r s t survey by Genin and B o e h l e r t I19851.
Entrapment on t h e o r d e r of days would probably a f f e c t only t h e primary producers, and hence. a p a t c h of r e l a t i v e l y high c h l o r o p h y l l concentrat i o n s would be a s s o c i a t e d w i t h t h e seamount. A l o n g e r r e s i d e n c e time. on t h e o r d e r of s e v e r a l weeks, may l o c a l l y a f f e c t t h e growth and abundance of zooplankton s p e c i e s : months would be n e c e s s a r y f o r micronekton [Pudyakov and T s e i t l i n . 19861. Lagrangian c u r r e n t o b s e r v a t i o n s made above t h e Emperor Seamounts [Cheney e t a l . . 19801 and t h e Corner R i s e Seamounts [Richardson. 19801 s u g g e s t e d entrapment p e r i o d s up t o s e v e r a l weeks w i t h i n seamount-generated a n t i c y c l o n i c e d d i e s . Much l o n g e r p e r i o d s (on t h e o r d e r of s e v e r a l months) were i n f e r r e d from hydrographic and E u l e r i a n CUP r e n t measurements above a deep seamount i n t h e North A t l a n t i c [Owens and Hogg. Seki. 1984: Uchida and Tagami. 19841 . An analogy may be drawn t o demersal plankton i n n e a r s h o r e r e e f systems [Hobson and Chess, 1978; Alldredge and King, 19851 
I f l o c a l enrichment p e r s i s t s f o r l o n g p e r i o d s and i s a r e c u r r e n t phenomenon. n e k t o n i c organisms may be a t t r a c t e d t o or a g g r e g a t e d i n t h e s e h a b i t a t s [Uda and I s h i n o . 1958; B o e h l e r t and
. t h e t e m p e r a t u r e t r a n s e c t s shown i n F i g u r e 1. of t h e seamount ( r i g h t ) and a t c o n t r o l s t a t i o n s which were 10 km from t h e seamount summit ( l e f t ) . (From Genin and B o e h l e r t 1985.)
Chlorophyll 5 p r o f i l e s above Minami-Kasuga Seamount t a k e n c o n c u r r e n t l y w i t h
Three s t a t i o n s were occupied o v e r t h e t o p Zooplankton and Nekton
Evidence c o n c e r n i n g d e n s i t i e s of p l a n k t o n i c organisms above seamounts i s o f t e n c o n f l i c t i n g . Sorokin and Sorokina [198Sl n o t e d no d i f f e r e n c e s between waters above seamounts and surrounding waters w i t h r e s p e c t t o b a c t e r i o p l a n k t o n . Many surveys i n t h e r e g i o n s of seamounts. however, i n d i c a t e two-t o e i g h t f o l d i n c r e a s e s i n zooplankt o n abundance i n waters o v e r seamounts [Fedosova 19741 ; Z a i k a and Kovalev [19841 summarize r e s u l t s from a v a r i e t y of S o v i e t papers. Zooplankton samples were t a k e n by Genin and B o e h l e r t [198Sl i n two of t h e i r t h r e e s u r v e y s , one d u r i n g e l e v a t e d and t h e o t h e r under normal c h l o r o p h y l l l e v e l s .
Zooplankton displacement volume was g r e a t e r above t h e seamount only on t h e f i r s t s u r v e y ; i n c o n t r a s t t o t h e c h l o r o p h y l l s i g n a l , however, zooplankton volumes w e r e h i g h e r w i t h i n t h e c o l d dome and above it. p o s s i b l y i n d i c a t i v e of t h e more v e r t i c a l l y mobile n a t u r e of z o o p l a n k t o n [Genin and B o e h l e r t 19851. Whereas t h e s t u d i e s r e f e r r e d t o above have t y p i c a l l y c o n s i d e r e d zooplankton biomass, i t may b e more a p p r o p r i a t e t o c o n s i d e r s p e c i f i c taxa. which may b e e i t h e r more abundant or r e l a t i v e l y d e p l e t e d i n w a t e r s above seamounts [ H i r o t a and B o e h l e r t . 19851.
A s p e c i f i c component of t h e p l a n k t o n s t u d i e d above seamounts has been t h e i c h t h y o p l a n k t o n . In t h e North P a c i f i c , B o r e t s and Sokolovsky [19781 observed no d i f f e r e n c e s i n i c h t h y o p l a n k t o n abundance or s p e c i e s composition above seamounts as compared t o d i s t a n t waters: Belyanina [19851 had s i m i l a r r e s u l t s i n t h e I n d i a n Ocean. N e l l e n [19731. however. i n a s t u d y on t h e Great Meteor Seamount. noted i n c r e a s e d abundance of n e r i t i c s p e c i e s and d e p l e t i o n of o t h e r s , most t y p i c a l l y midwater f i s h l a r v a e . above t h e seamount. Boehl e r t [1985l d e s c r i b e d i c h t h y o p l a n k t o n d e n s i t i e s from w i n t e r and summer c r u i s e s a t S o u t h e a s t Hancock Seamount. F i s h l a r v a e a t t h i s open-ocean seamount are dominated by midwater r a t h e r t h a n n e r i t i c s p e c i e s .
I n t h e summer, daytime samples showed no d i f f e r e n c e between t h e seamount and r e f e r e n c e s t a t i o n s w i t h t h e e x c e p t i o n of t h e 50-100 m stratum (Fig. 3A) .
A t n i g h t , however, t h e d e n s i t i e s a t t h e r e f e r e n c e s t a t i o n were s i g n i f ic a n t l y i n c r e a s e d a s compared t o daytime v a l u e s . b u t n o t i n t h e samples t a k e n o v e r t h e seamount. Samples t a k e n on a w i n t e r c r u i s e showed a d i f f e re n t p a t t e r n from t h a t i n t h e summer ( Fig. 3B) : i c h t h y o p l a n k t o n d e n s i t i e s o v e r t h e seamount were much g r e a t e r t h a n a t t h e r e f e r e n c e s t a t i o n , and t h e p a t t e r n h e l d f o r n i g h t and day. These d a t a 29O8'N. l o n g . 178O5'E) w i t h t h o s e a t r e f e r e n c e s t a t i o n s 20 km away. Samples were t a k e n a t discrete d e p t h s w i t h an opening-closing Tucker trawl. A. Summer 1984. B. Winter
Daytime d e n s i t i e s a r e on t h e r i g h t , n i g h t t i m e on t h e l e f t , w i t h each v a l u e t h e mean of d u p l i c a t e samples. D e n s i t i e s above t h e seamount a r e r e p r e s e n t e d by t h e upper ( s o l i d ) bar. d e n s i t i e s a t t h e r e f e r e n c e s t a t i o n by t h e lower ( c r o s s -h a t c h e d ) bar. ( P r e s e n t e d i n B o e h l e r t , 1985.)
suggest t h a t some phenomena d i f f e r i n g between w i n t e r and summer (or an a l i a s e d t i m e s c a l e ) impact t h e abundance of t h e s e t a x a .
micronekton and nekton have more c o n t r o l o v e r t h e i r movements. Fewer s t u d i e s o v e r seamounts have been conducted on t h e s e s p e c i e s , b u t Uda and I s h i n o [19581 s u g g e s t e d t h a t a g g r e g a t i o n s of such animals may r e s u l t i n enhancement of f i s h i n g grounds. D e n s i t i e s may be e s t i m a t e d u s i n g hydroa c o u s t i c o b s e r v a t i o n s and n e t sampling.
Some organisms normally rare i n open-ocean a r e a s may be abundant on seamounts.
The s t e r n o p t y c h i d f i s h ,
As compared t o t h e p a s s i v e p l a n k t o n i c s p e c i e s ,
Maurolicus m u e l l e r i . t y p i c a l l y a s s o c i a t e d w i t h c o n t i n e n t a l s h e l f -s l o p e b r e a k s , h a s been observed i n abundance over South A t l a n t i c and North P a c i f i c seamounts [Linkowski. 1983;  B o e h l e r t and Seki.
Kozlov e t a l . [19821 noted v e r t i c a l columns of s c a t t e r i n g l a y e r s o v e r two seamounts i n t h e North P a c i f i c b u t m i s t a k e n l y c o n s i d e r e d them t o be simply v e r t i c a l m a n i f e s t a t i o n s of t h e oceanic s c a t t e r i n g l a y e r s a r r a y e d v e r t i c a l l y l i k e t h e "columnar" d i s t r i b u t i o n s of t e m p e r a t u r e and n u t r i e n t s . Hydroacoustic o b s e r v a t i o n s a t n i g h t above S o u t h e a s t Hancock Seamount [ B o e h l e r t and
Seki. 19841 showed pronounced s c a t t e r i n g ( F i g . 4). 
w i t h a 38 kHz echo sounder. Each t r a n s e c t . from w e s t t o e a s t ( l e f t t o r i g h t ) n e a r t h e c e n t r a l axis of t h e seamount, took approximately 25 min. The d i s t a n c e a c r o s s t h e f l a t p o r t i o n of t h e seamount i s approximately 1.8 km. A. 1931 h.
Note t h e s c a t t e r i n g l a y e r s r i s i n g o f f t h e seamount f l a n k s t o a d e p t h . o f 40-60 m; n e t samples shov t h e s e e a r l y l a y e r s t o be predominantly Maurolicus m u e l l e r i . The l a y e r h a s developed o v e r t h e seamount e x t e n d i n g from t h e f l a n k s upwards t o near 100 m; i t developed this c o n f i g u r a t i o n a t approximately 2130 and remained i n a s i m i l a r c o n f i g u r a t i o n throughout t h e n i g h t . u n t i l d i s p e r s i n g i n e a r l y morning. These s c a t t e r i n g t a r g e t s may have been l a r g e r f i s h e s or s q u i d s n o t sampled by o u r midvater t r a w l .
( P r e s e n t e d i n B o e h l e r t and Seki. 1984.)
Acoustic t r a n s e c t s o v e r Southeast Hancock Seamount on 17-18 J u l y 1984 t a k e n Sunset vas a t 1907. B. 0330 h.
S c a t t e r e r s t y p i c a l l y remained on t h e f l a n k s of t h e seamount by day. b u t began s t r e a m i n g v e r t i c a l l y upvard t o d e p t h s n e a r 50 m e a r l y i n t h e evening (Fig. &A) . followed by c o n s o l i d a t i o n of t h e s h a llow l a y e r s , a s l i g h t s i n k i n g of t h e t o p l a y e r . and expansion downwards u n t i l t h e s c a t t e r i n g l a y e r extended from t h e summit of t h e seamount upwards t o approximately 100 m depth (Fig. 4B ). By contrast. no deep s c a t t e r i n g l a y e r s i n surrounding o c e a n i c waters d i s p l a y e d e i t h e r such h i g h d e n s i t y or this t y p e of behavior, s u g g e s t i n g t h a t organisms s p e c i f i c t o t h e r e g i o n of t h e seamount were r e s p o n s i b l e for t h e a c o u s t i c traces. Subsequent h a u l s w i t h midvater t r a w l s demonstrated d i f f e re n c e s i n abundance and s p e c i e s composition b e m e e n waters above t h e seamount and a t t h e r e f e r e n c e s t a t i o n s .
Maurolicus m u e l l e r i and t h e lophogast r i d mysid. Gnathophausia l o n g i s p i n e . dominated BOMLERT AND GENIN 325 DENSITY (Ind./WM3) A
Ecology of Seamount Benthos
Evidence t h a t seamounts are i n h a b i t e d by unique, and sometimes r i c h . b e n t h i c communities was f i r s t o b t a i n e d i n t h e surveys of Vema Seamount (South A t l a n t i c ) and Bowie and Cobb Seamounts ( n o r t h e a s t P a c i f i c ) . a l l shallow seamounts where scuba d i v i n g was used [Simpson and Heydorn. 1965; Scagel. 1970; Birkeland. 19711 
19821.
Most of t h e p h o t o g r a p h i c i n v e s t i g a t i o n s noted above were r a t h e r l i m i t e d i n s p a t i a l coverage, w i t h photographs t a k e n a t only a few l o c a t i o n s on each seamount. Only w i t h t h e use of more advanced photographic i n s t r u m e n t s could t h e d i s t r i b u t i o n a l p a t t e r n s of deep seamount benthos b e s t u d i e d . Genin e t a l . 119861 used t h e Deep Tow [ S p i e s s and Tyce. 19731 and Grigg e t a l . [19871 used towed s l e d s t o t a k e hundreds of photographs a l o n g s e v e r a l t r a n s e c t s on d i f f e r e n t p a r t s of seamounts. and even e x p e r i m e n t a l m a n i p u l a t i o n s , hold g r e a t promise f o r u n d e r s t a n d i n g seamount benthos.
Seamounts are h i g h l y d i v e r s e h a b i t a t s . A s i n g l e seamount u s u a l l y e x t e n d s o v e r a l a r g e d e p t h i n t e r v a l , sometimes from t h e e u p h o t i c zone t o t h e abyss. S u b s t r a t a of seamounts v a r y from exposed rocky bottom t o a continuous t h i c k l a y e r of sediments. The l a t t e r i s u s u a l l y found on t h e t o p of deep g u y o t s and i n t o p o g r a p h i c d e p r e s s i o n s , whereas rocky o u t c r o p s and e x t e n s i v e hard-bottom a r e a s c h a r a c t e r i z e t h e s t e e p f l a n k s as w e l l as t h e t o p s of shallow g u y o t s [Karig e t a l . . 1970; Lonsd a l e e t e l . . 1972; Raymore. 1982 ; Genin e t a l .
19861. Sediments on seamounts can v a r y i n g r a i n s i z e and can b e r i p p l e d a t one s i t e and smooth a t a n o t h e r . The sediment d i s t r i b u t i o n p a t t e r n can b e g r e a t l y a f f e c t e d by t h e topographically-induced c u r r e n t regime, c r e a t i n g sometimes a moat around t h e seamount b a s e [Roberts e t al.. 19741. 'Qpes of hard bottom on seamounts a r e h i g h l y v a r i a b l e , ranging from c a r b o n a t e r o c k s and p i l l o w b a s a l t t o r o c k s e n c r u s t e d w i t h a h a r d ferromanganese l a y e r . Remarkably d i f f e r e n t s u b s t r a t a can even be found Twelve samples were t a k e n above t h e seamount and s i x a t r e f e r e n c e s t a t i o n s w i t h a 6 -f t Isaacs-Kidd midwater t r a w l .
A. F i s h e s and squid. B. Crustacea. Two v a l u e s a r e r e p r e -
s e n t e d f o r each taxon; t h e upper ( s o l i d ) b a r i n d ic a t e s mean d e n s i t y (22 S.E.) from t h e tows o v e r t h e seamount w h i l e t h e lower ( c r o s s -h a t c h e d ) b a r i n d i c a t e s mean d e n s i t i e s i n off-seamount tows; n o t e t h a t abundances are on a log s c a l e . s e n t e d i n B o e h l e r t and S e k i 1984.) ( P r e a b s e n t o r i n low abundance (Fig. 5B). I t would appear t h a t t h i s seamount, and o t h e r s d e s c r i b e d above, have i m p o r t a n t e f f e c t s upon t h e p e l a g i c ecosystem. A b e t t e r u n d e r s t a n d i n g of t h e l o c a l p h y s i c a l and b i o l o g i c a l oceanography w i l l b e necessary t o determine t h e n a t u r e and c a u s e of t h e s e e f f e c t s .
SEAMOUNT BIOLOGICAL. OCEANOGRAPHY on a s i n g l e seamount. I n s p i t e of t h i s g r e a t v a r i a b i l i t y , some unique environmental c o n d i t i o n s seem t o l e a d t o common b i o l o g i c a l c h a r a c t e r i s t i c s of Peamount benthos. These f e a t u r e s i n c l u d e t h e c l a r i t y of o v e r l y i n g waters and extended l i g h t p e n e t r a t i o n , t h e p r e s e n c e of deep rocky s u b s t r atum. and t h e exposure t o s t r o n g c u r r e n t s . The e f f e c t s of t h e s e c o n d i t i o n s on t h e s t r u c t u r e Of b i o l o g i c a l communities on seamounts are t h e f o c u s of this s e c t i o n .
Shallow Seamounts--Ef f e c t s of Water C l a r i t y and I s o l a t i o n Far away from s o u r c e s of t e r r i g e n o u s t u r b i d i t y , mid-ocean seamounts ( l i k e many o c e a n i c i s l a n d s ] are c h a r a c t e r i z e d by e x c e p t i o n a l l y c l e a r o v e r l y i n g waters, where t h e a t t e n u a t i o n of l i g h t i s f a r lower t h a n i n c o a s t a l waters. b
e n t h i c a u t o t r o p h s may o c c u r i n g r e a t e r d e p t h s .
The d e e p e s t known p l a n t l i f e , f o r example, has r e c e n t l y been d i s c o v e r e d on San Salvador Seamount i n t h e Bahamas, where an u n d e s c r i b e d s p e c i e s of c o r a l l i n e a l g a w a s found a t 268 m [ L i t t l e r e t a l . 
r i c h and e x c e p t i o n a l l y d i v e r s e m u l t i -l a y e r communi t y of macroalgae w i t h p l a n a r a l g a l cover (unders t o r y and c a n o p i e s ) e x c e e d i n g 100%. On Tanner and C o r t e s Banks ( o f f s o u t h e r n C a l i f o r n i a ) . a dominant macroalga. E i s e n i a a r b o r e a . grows as deep as 40 m. whereas i t s lower l i m i t a t c o a s t a l sites i n t h e Southern C a l i f o r n i a B i g h t is between 5 and 12 m d e p t h [Lewbel e t al.. 1981: L i s s n e r and Dorsey.
banks e x h i b i t s i m i l a r d e p t h e x t e n s i o n s [Scagel.
1970: L i s s n e r and Dorsey. 19861. Most of t h e s e s p e c i e s are usually found i n t h e lower i n t e r t i d a l o r upper s u b t i d a l zones. T h i s e x t e n s i o n w a s a l s o t h e c a s e w i t h some i n t e r t i d a l animals, such as t h e mussel. Mytilus c a l i f o r n i a n u s . found i n r e l a t i v e l y g r e a t e r d e p t h s on
The a s t e r o i d , P i s a s t e r ochraceus. d e t e r m i n e s t h e l o w e r l i m i t of M y t i l u s i n c o a s t a l r e g i o n s b u t i s rare on t h e submerged p i n n a c l e due t o t h e l a c k of an i n t e r t i d a l zone. S m a l l r e c r u i t s of Pisaster are found p r i m a r i l y i n t h e lower i n t e r t i d a l zone where t h e y f e e d on & a l l b a r n a c l e s [Paine. I n a d d i t i o n t o e x t e n s i o n s of d e p t h ranges. d i s t i n c t i v e d i f f e r e n c e s between animal communities on seamounts and t h o s e a t a d j a c e n t c o a s t a l s i t e s a t c o r r e s p o n d i n g d e p t h s have been d e s c r i b e d on several s h a l l o w seamounts [Birkeland. 1971: Lewbel e t al.. 19811. Suspension f e e d e r s are t y p i c a l l y i n much g r e a t e r abundance on Tanner and C o r t e s Banks t h a n i n c o r r e s p o n d i n g c o a s t a l r e g i o n s [Lewbel e t a l . . 19811. The s c a l l o p , H i n n i t e s multirugosus. dominates t h e e n t i r e primary subs t r a t u m on v e r t i c a l s u r f a c e s of Cobb Seamount, whereas i t e x h i b i t s a s c a t t e r e d d i s t r i b u t i o n i n
Consequently, The f l a t t o p of t h i s seamount c o n t a i n s a Macroalgal s p e c i e s on t h e s e and o t h e r c o a s t a l a r e a s of t h e n o r t h e a s t P a c i f i c [ B i
r k e l a n d 19711. T u n i c a t e s , which f r e q u e n t l y dominate rocky a r e a s on t h e c o a s t s of Washington. a r e r e p r e s e n t e d by a s i n g l e s p e c i e s on Cobb Seamount. and n e i t h e r hydroids nor b a r n a c l e s have been observed on t h e seamount. On t h e o t h e r hand, t h e community on Cobb Seamount d i f f e r s from t h a t on Bowie Seamount: b a r n a c l e s and hydroids are found on t h e l a t t e r b u t not on t h e former, and d i f f e r e n t m o l l u s c s a r e dominant a t each site. Such changes are probably caused by i n t e r -s i t e d i f f e r e n c e s o f e c o l o g i c a l c o n d i t i o n s combined w i t h d i f f e r e n c e s of c o l o n i z at i o n h i s t o r y . The p r e s e n c e of brooding s p e c i e s ( t h e a s t e r o i d L e p t a s t e r i a s ) and s p e c i e s w i t h no p l a n k t o n i c larvae ( t h e g a s t r o p o d S e a r l e s i a on Cobb Seamount [Birkeland. 19711 s u g g e s t s t h a t r a r e c o l o n i z a t i o n e v e n t s can a f f e c t t h e s t r u c t u r e of t h e community on each seamount.
Propagules of t h e brooding a s t e r o i d s , f o r example. probably reached Cobb Seamount w i t h d r i f t i n g k e l p [Birkeland, 19711.
Deep Seamounts--Effec_ts of Substratum and C u r r e n t s
The most d i s t i n c t i v e c h a r a c t e r i s t i c of deep seamounts i s t h e o c c u r r e n c e of e x t e n s i v e areas of hard substratum. U n f o r t u n a t e l y , most i n f o r m a t i o n on t h e abundance of deep hard-bottom s p e c i e s on seamounts i s incomplete, l a r g e l y due t o t h e small number of d e t a i l e d s u r v e y s conducted. F u r t h e rmore. most of t h e o b s e r v a t i o n s were o b t a i n e d w i t h dredges or photography, so t h a t v e r y l i t t l e i s known about t h e abundance of smaller organisms. Large s u s p e n s i o n f e e d e r s . i n c l u d i n g sponges. horny c o r a l s ( g o r g o n i a n s ) . b l a c k c o r a l s ( a n t i p a t ha r i a n s ) , ahermatypic s c l e r a c t i n i a n c o r a l s . anemones. t u n i c a t e s , b r i s i n g i d s e a s t a r s . and c r i n o i d s , a r e t h e dominant taxa which have been observed. T h e i r abundance g e n e r a l l y d e c r e a s e s w i t h d e p t h [Grigg e t al., 19871.
Photographs taken s h a l l o w e r t h a n 1,000 m u s u a l l y e x h i b i t s e v e r a l taxa i n e a c h frame. sometimes forming dense communities (Fig. 6 . and Heezen and H o l l i st e r . 1971; Grasshoff. 1972: Raymore. 1982 : Genin e t a l . . The p r e s e n c e of s e v e r a l s a t e l l i t e peaks on J a s p e r Seamount a l l o w e d Genin e t a l . [19861 t o s e p a r a t e t h e e f f e c t s of d e p t h and topography on t h e abundance of a n i m a l s .
Rich gorgonian f i e l d s occur on s e v e r a l seamounts ( d e p t h <1.000 m) i n t h e Emperor Seamount c h a i n (northwest P a c i f i c ) . The d i s c o v e r y of t h e s e f i e l d s i n t h e l a t e 1970's caused a s h a r p d e c l i n e i n p r i c e s of p r e c i o u s c o r a l s on t h e world market [Grigg. 19841. such a s Cross Seamount n e a r Hawaii (summit d e p t h 300 m). e x h i b i t s p a r s e communities [Grigg e t a l .
whereas r e l a t i v e l y h i g h d e n s i t i e s of l a r g e suspension f e e d e r s are sometimes found i n g r e a t e r d e p t h s on seamounts l o c a t e d i n f e r t i l e w a t e r s ( e . & . on Kelvin Seamount a t 1419 m depth; Heezen and H o l l i s t e r , 19711. I n a d d i t i o n t o t h e f e r t i l i t y of o v e r l y i n g waters, d i f f e r e n c e s i n t h e abundance of organisms on d i f f e r e n t seamounts can be r e l a t e d t o l o c a l environmental c o n d i t i o n s and t o a v a i l a b i l i t y of s o u r c e s of l a r v a e ( i . e . , t h e presence of a d u l t p o p u l a t i o n s upstream of a sea-I n o l i g o t r o p h i c oceans, even shallow seamounts,
Fig. 6. A n t i p a t h a r i a n s . sponges, and o t h e r s u s p e n s i o n f e e d e r s n e a r a s a t e l l i t e peak a t 700 m d e p t h on J a s p e r Seamount i n t h e n o r t h e a s t P a c i f i c . S t i c h o p a t h e s sp.. t h e whipl i k e b l a c k c o r a l , i s t h e most abundant m e g a f a u n a l s p e c i e s b e t w e
I t was e x p e c t e d t h a t p a s s i v e s u s p e n s i o n f e e d e r s would b e g e n e r a l l y more a b u n d a n t a t s h a l l o w e r d e p t h s . where t h e c o n c e n t r at i o n of p a r t i c u l a t e food i n t h e impinging w a t e r s i s g r e a t e r .
The o b s e r v a t i o n s , however. showed t h a t w i t h i n a c e r t a i n d e p t h r a n g e t h e d i s t a n c e from a peak i s a key f a c t o r i n d e t e r m i n i n g a n i m a l d e n s i t i e s .
The d e n s i t i e s o f a dominant s p e c i e s on J a s p e r Seamount, t h e b l a c k c o r a l , S t i c h o p a t h e s sp.. w e r e s i g n i f i c a n t l y h i g h e r n e a r peaks t h a n i n mid-slope a r e a s a t c o r r e s p o n d i n g d e p t h s ( F i g . 7 ) . A s i m i l a r i n c r e a s e i n t h e d e n s i t i e s of c o r a l s on t h e u p p e r p a r t of a s l o p e , n e a r a peak, h a s been o b s e r v e d a t ca. 2.000 m d e p t h on Horizon Guyot
( c e n t r a l North P a c i f i c , A. Genin and K. L. Smith. Jr.. unpubl. manuscr.. 1 9 8 6 ) . O t h e r d i s t r i b ut i o n a l p a t t e r n s of l a r g e s u s p e n s i o n f e e d e r s on seamounts f u r t h e r s u p p o r t t h e h y p o t h e s i s t h a t t h e abundance of a n i m a l s on seamounts i s d e t e r m i n e d by f a c t o r s r e l a t e d t o t h e l o c a l topography. These p a t t e r n s c a n b e s e p a r a t e d i n t o t h r e e s p a t i a l s c a l e s , namely p a t t e r n s o b s e r v e d on t h e e n t i r e a r e a of a seamount, p a t t e r n s on t o p o g r a p h i c f e a t u r e s s u c h as knobs a n d p i n n a c l e s . and smalls c a l e p a t t e r n s s u c h a s t h o s e s e e n w i t h i n a photograph.
The l a r g e -s c a l e p a t t e r n s i n c l u d e t h e above-mentioned i n c r e a s e d d e n s i t i e s n e a r peaks. They c a n b e d i v i d e d i n t o p a t t e r n s on narrow t a p e ri n g p e a k s and t h o s e on v i d e or f l a t peaks. Densit i e s on narrow p e a k s a r e g r e a t e s t n e a r t h e crest. w h e r e a s d e n s i t i e s on f l a t t o p s of g u y o t s and on g e n t l y s l o p i n g peak6 are h i g h e r n e a r t h e rim t h a n n e a r t h e c e n t e r ( F i g . 8 and Genin e t a l . . 1986. 
Seamount. The photographs were d i v i d e d i n t o t h o s e n e a r peaks ( s o l i d b a r s ) and t h o s e
,150 m below a peak (open b a r s ) . S t a r s i n d i c a t e t h e i n t e r v a l s i n which t h e mean nearpeak d e n s i t y i s s i g n i f i c a n t l y h i g h e r than t h e mean mid-slope d e n s i t y (P < 0.001, MannWhitney U t e s t ) .
above t h e c o r r e s p o n d i n g bar.
(From Genin e t al.. 1986.)
D e n s i t i e s of S t i c h o p a t h e s (mean 2 6.d.) a t d i f f e r e n t d e p t h i n t e r v a l s on J a s p e r The number of photographs t a k e n a t e a c h d e p t h i n t e r v a l i s i n d i c a t e d
Jasper Seamount: Grigg e t al.. 1987. Cross Seamount). A similar i n c r e a s e of c o r a l d e n s i t i e s was observed a l o n g t h e rim of F i e b e r l i n g Guyot ( e a s te r n North P a c i f i c , ca. 500 m depth: A. Genin.
unpubl. d a t a ) .
On t h e scales of t e n s of meters, animal d e n s i t i e s a r e u s u a l l y g r e a t e r on topog r a p h i c prominences. such as p i n n a c l e s and knobs, t h a n i n s u r r o u n d i n g a r e a s (e.g.. Fig. 8 ). On t h e smaller s c a l e , s u s p e n s i o n f e e d e r s a r e f r e q u e n t l y a g g r e g a t e d on upper p a r t s of r o c k s , and s m a l l a n i m a l s were found on p r o t r u d i n g p a r t s of l a r g e r organisms, such as sponges.
The o c c u r r e n c e of s i m i l a r d i s t r i b u t i o n a l p a t t e r n s on d i f f e r e n t seamounts. combined w i t h hydrodynamic t h e o r i e s and o b s e r v a t i o n s . s u g g e s t s t h a t a t o p o g r a p h i c a l l y induced c u r r e n t regime i s a key f a c t o r i n d e t e r m i n i n g t h e abundance of suspens i o n f e e d e r s on deep hard-bottom seamounts. lbo d i f f e r e n t mechanisms may enhance c u r r e n t s n e a r t h e e d g e s of wide peaks. F i r s t . t h e flaw of w a t e r s impinging on t h e f l a n k may b e upwelled above a seamount's top.
Due t o c o n s e r v a t i o n of p o t e n t i a l v o r t i c i t y , a n a n t i c y c l o n i c motion i s induced, r e s u l t i n g i n a n a c c e l e r a t e d flow on t h e l e f t s i d e of a seamount ( l o o k i n g downstream) and d e c e l e r at i o n n e a r t h e c e n t e r and on t h e r i g h t [Huppert. Huppert and Bryan. 19761 . A l t e r n a t i n g t i d a l flows would t h e r e b y c a u s e i n t e r m i t t e n t a c c e l e r at i o n p e r i o d s n e a r t h e edges and r e c u r r e n t decele r a t i o n n e a r t h e c e n t e r of wide peaks and guyots. The o t h e r mechanism i s r e l a t e d t o t h e r e f l e c t i o n of i n t e r n a l w a v e s along a s l o p i n g bottom. where i n t e n s i f i c a t i o n of t h e f l o w occurs. e s p e c i a l l y f o r t h o s e waves w i t h f r e q u e n c i e s w i t h i n a n o c t a v e of a c r i t i c a l frequency d e f i n e d by t h e bottom s l o p e , s t r a t i f i c a t i o n , and C o r i o l i s p a r a m e t e r [Wunsch Eriksen. 1982. 19851 . Such a n i n t e n s i f i c at i o n i s n o t e x p e c t e d t o b e d i s t i n c t i v e on t h e f l a t o r g e n t l y s l o p i n g a r e a s a t t h e c e n t e r of guyots and wide peaks. where animal d e n s i t i e s are low.
1975:
1969:
E x i s t i n g p h y s i c a l t h e o r i e s do n o t p r e d i c t t h e
o c c u r r e n c e of s t r o n g e r c u r r e n t s n e a r a c r e s t of a peak as compared w i t h a mid-slope s i t e a t t h e same depth and on a s i m i l a r s l o p e a n g l e . Hydrographic o b s e r v a t i o n s . however. s u g g e s t t h a t t h e upwelling above s u c h peaks i s c o n f i n e d t o t h e proximity of t h e c r e s t and does n o t o c c u r o v e r mid-slope a r e a s [Bezrukov and Natarov. 1976: Fukasawa and Nagata 1978: Genin and B o e h l e r t . 1985: Roden and T a f t 19851. Short-term c u r r e n t measurements made by Genin e t a l . [19861 on J a s p e r Seamount a l s o showed d i f f e r e n c e s between a peak and a mid-slope s i t e : t h e a v e r a g e c u r r e n t speed n e a r a peak was about twice t h e mean speed r e c o r d e d a t a mid-slope s i t e a t t h e same depth. The mid-and small-scale i n c r e a s e s of d e n s i t i e s of s u s p e n s i o n f e e d e r s on knobs. p i n n a c l e s , and on t h e t o p of p r o t r u d i n g rocks can be s i m i l a r l y e x p l a i n e d by a n exposure t o enhanced c u r r e n t s as t h e s e s t r u c t u r e s p r o t r u d e t o h i g h e r e l e v a t i o n s above t h e bottom and are t h e r ef o r e exposed t o more e n e r g e t i c z o n e s of t h e b e n t h i c boundary l a y e r [Butman. 1986: Grant and Madsen. 19861. Even on s u c h s m a l l -s c a l e f e a t u r e s .
however. v a r i a b i l i t y i n c o l o n i z a t i o n r a t e s may b e r e l a t e d t o s m a l l -s c a l e f l o w s t r u c t u r e [Nowell and
Jumars. 19841. Genin e t a l . [19861 proposed two d i f f e r e n t mechanisms t h r o u g h which i n t e n s i f i e d c u r r e n t s can i n d u c e h i g h e r animal d e n s i t i e s .
I n t h e " s e t t l e m e n t pathway." a s i t e i s c o l o n i z e d by r e l a t i v e l y more r e c r u i t s simply because more 
d e n s i t i e s of S t i c h o p a t h e s . and sediment cover a c r o s s two s a t e l l i t e peaks on J a s p e r Seamount. Each d o t i n d i c a t e s t h e animal d e n s i t y or sediment c o v e r i n a s i n g l e photograph. S o l i d l i n e s i n d i c a t e 9-point running means. d e n s i t i e s f o l l o w t h e b a t h y m e t r i c l i n e on t h e s h a r p peak (C) whereas lower d e n s i t i e s a r e
found n e a r t h e c e n t e r of t h e wide peak (A) t h a n n e a r i t s edges. r e l a t i v e l y h i g h e r on wall t o p o g r a p h i c prominences such a s t h o s e a t 1.4 and 3.9 km along t h e t r a n s e c t . d e p r e s s i o n n e a r peak C.
Note t h a t t h e animal Animal d e n s i t i e s are
Note t h e s h a r p i n c r e a s e of sediment cover i n t h e t o p o g r a p h i c w a t e r , and t h e r e b y more l a r v a e . flow through per u n i t of time: i n t h e " f e e d i n g pathway." more watez flows p a s t suspension f e e d e r s a t s i t e s c h a r a ct e r i z e d by s t r o n g e r c u r r e n t s . r e s u l t i n g i n i n c r e a s e d f e e d i n g and growth r a t e s and p o s s i b l y h i g h e r s u r v i v a l r a t e s of small r e c r u i t s . The a c t u a l mechanisms i n v o l v e d a r e y e t t o be e x p e r imentally t e s t e d . deep seamounts. Unlike hard-bottom e p i f a u n a , i n f a u n a i n sedimentary s u b s t r a t a cannot b e observed by photography.
I n a r e c e n t s t u d y of deep (1.000 t o 3,000 m) seamounts i n t h e P a c i f i c Ocean off Mexico. Levin e t a l . [19861 used a submersible t o i n v e s t i g a t e t h e e f f e c t s of g i a n t protozoans (xenophyophores) on l o c a l sof t-bottom communities. Xenophyophores a r e abundant on seamounts where they a g g l u t i n a t e s e d i m e n t s t o form l a r g e tests (up t o 25 cm d i a m e t e r ) which p r o t r u d e above t h e sediment. Sediments immediately surrounding t h e s e organisms e x h i b i t h i g h e r d e n s i t i e s and d i v e r s i t i e s of metazoan s p e c i e s r e l a t i v e t o Very l i t t l e i s known about soft-bottom f a u n a on c o n t r o l sediments c o l l e c t e d a t d i s t a n c e s of 1 m from t h o s e protozoans. Levin e t a l . 119861 propose t h a t xenophyophores c o n t r i b u t e t o maintenance of high b e n t h i c d i v e r s i t y by a l t e r i n g hydrodynamic c o n d i t i o n s and by p r o v i d i n g metazoans w i t h substratum, food, and refuge. The d i v e r s i t y of s o f tbottom h a b i t a t s on seamounts h a s n o t been compared w i t h t h e surrounding deep sea: t h i s would make a n i n t e r e s t i n g i n v e s t i g a t i o n from a s u b m e r s i b l e , s i n c e a wide depth range o c c u r s a t a s i n g l e s i t e on soft-bottom seamounts.
The Role of Seamounts i n F i s h e r i e s P r o d u c t i v i t y
Seamounts and banks may a g g r e g a t e r e s i d e n t demersal and t r a n s i e n t , p e l a g i c organisms which can s u p p o r t f i s h e r i e s [Uda and I s h i n o . 1958: Uchida e t a l . . 19861. Polovina [1985] compared seamounts w i t h bank and i s l a n d s y s t e m s and found h i g h e r d e n s i t i e s of t h e same s p e c i e s on t h e sea- 1970 1972 1974 1976 1978 1980 YEAR Fig. 9 . Annual d a t a on c a t c h -p e r -u n i t -e f f o r t ( a n i n d e x of abundance) of J a p a n e s e t r a w l e r s f o r p e l a g i c armorhead on s e v e r a l of t h e s o u t h e r n E h p e r o r n o r t h e r n Hawaiian Ridge seamounts. 1969-
These d a t a show t h e s h a r p d e c l i n e i n s t o c k abundance.
The J a p a n e s e c a t c h w a s about one-f i f t h t h a t of t h e S o v i e t s ; combined. A s p e c i f i c example of h i g h f i s h e r i e s product i v i t y i s provided i n t h e s o u t h e r n Emperor and n o r t h e r n Hawaiian Ridge seamounts. and 1975. n e a r l y one m i l l i o n metric t o n s of p e l a g i c armorhead. Pseudopentaceros w h e e l e r i . w e r e t a k e n by S o v i e t and J a p a n e s e trawlers, and s t a n di n g s t o c k s w e r e e s t i m a t e d a t n e a r l y 400,000 m e t r i c t o n s [Borets. 1975; Sasaki, 19861 . J a p a n e s e d a t a on c a t c h p e r u n i t e f f o r t (Fig. 9 ) d e m o n s t r a t e P e l a g i c s p e c i e s such as t u n a s and s q u i d
Between 1967
extremely high c a t c h rates which d e c l i n e d d r a s t ic a l l y i n l a t e r y e a r s of t h e f i s h e r y .
Some of t h e same p h y s i c a l mechanisms which a l t e r t h e p a t t e r n s of d i s t r i b u t i o n and abundance of t h e t a x a a s d e s c r i b e d e a r l i e r f o r Hancock Seamount may b e invoked t o e x p l a i n t h e a v a i l a b i l i t y of t h e energy necessary t o m a i n t a i n h i g h d e n s i t i e s of f i s h h e r e and a t o t h e r seamounts. F i r s t , convergent flow r e s u l t i n g i n accumulation and g r e a t e r f l u x of o c e a n i c p l a n k t o n and micronekton may p r r e s o u r c e s , g i v e n t h a t most have p e l a g i c larvae, i s t h e mechanism of r e c r u i t m e n t back t o t h e seamount.
One of t h e f i r s t s u g g e s t i o n s of such a mechanism invoked t h e concept of s t a t i o n a r y Taylor columns Over seamounts f o r maintenance of p e l a g i c larvae [Shomura and Barkley 19801 . T h i s h y p o t h e s i s i s a n e x t e n s i o n of t h e i d e a s on t h e c o n s e r v a t i o n of i n s u l a r p l a n k t o n d e s c r i b e d by Boden [19521. Main- tenance of p e l a g i c larvae i n c l o s e d c i r c u l a t i o n s above l a r g e bank systems h a s r e c e n t l y been demons t r a t e d i n s e v e r a l l o c a t i o n s [Dooley 1984; Sundby. 1984; Smith and Morse, 19851 . O t h e r s have sugg e s t e d t h a t seamount p o p u l a t i o n s a r e d e r i v e d from upstream s o u r c e p o p u l a t i o n s ; t h e d i s t a n c e s proposed have been as g r e a t as 1,100 m i [Lutjeharms and Heydorn. 1981bl. I n e i t h e r of t h e s e c a s e s , however. p h y s i c a l v a r i a b i l i t y can l e a d t o i n t e rannual v a r i a b i l i t y i n r e c r u i t m e n t s t r e n g t h ; such f l u c t u a t i o n s may be c h a r a c t e r i s t i c of seamount r e s o u r c e s [Lutjeharms and Heydorn 1981a; W e t h e r a l l and Yong. 19861. Given t h e s m a l l geographic e x t e n t of seamounts and t h e v a r i a b i l i t y i n r e c r u i t m e n t . g r e a t c a r e must b e t a k e n t o manage seamount r e s o u r c e s and p r e v e n t o v e r e x p l o i t a t i o n [Boehlert. 1986: Sasaki. 19861 .
An i n t r i g u i n g q u e s t i o n about t h e s e animal
Conclusions and Suggestions f o r F u t u r e Research
As w e have d e s c r i b e d i n t h i s paper. seamounts are sites where p h y s i c a l p e r t u r b a t i o n s r e s u l t i n development of unique ecosystems. Understanding v a r i a b i l i t y i n t h e b i o l o g i c a l p r o d u c t i v i t y of seamounts i s a c h a l l e n g i n g r e s e a r c h problem which w i l l r e q u i r e i n t e r d i s c i p l i n a r y r e s e a r c h . Mesos c a l e p h y s i c a l oceanographic s t u d i e s w i l l be necessary t o d e f i n e t h e c o n d i t i o n s f o r development of e d d i e s , Taylor columns. and o t h e r f e a t u r e s of flow complexity. Small-scale s t u d i e s of upwelli n g , t u r b u l e n t mixing, and b e n t h i c boundary l a y e r e f f e c t s w i l l b e t t e r c h a r a c t e r i z e t h e l o c a l condit i o n s n e a r t h e seamount. Concurrent s t u d i e s of b i o l o g i c a l oceanography of t h e w a t e r column over seamounts can d e f i n e t h e v a r i a b i l i t y of n u t r i e n t s and primary p r o d u c t i v i t y and t h e i r r e s i d e n c e t i m e s .
By u n d e r s t a n d i n g t h e s e a s o n a l and i n t e rannual v a r i a b i l i t y of t h e s e phenomena, we should b e a b l e t o better d e f i n e t h e importance of enhanced p r o d u c t i v i t y t o h i g h e r t r o p h i c l e v e l s and t o determine t h e r o l e of c u r r e n t s i n c o n c e n t r a t i n g or i n c r e a s i n g t h e f l u x of a l l o c h t h o n o u s energy sources.
In a d d i t i o n t o t h e s e temporal components of v a r i a b i l i t y , comparative s t u d i e s of seamounts can p r o v i d e an u n d e r s t a n d i n g of s p a t i a l v a r i ab i l i t y . and ocean c u r r e n t s . p e r h a p s we can develop genera l i t i e s or p r e d i c t i v e c a p a b i l i t i e s concerning seamount p r o d u c t i v i t y . I n t h i s comparative v e i n , we s h o u l d c o n s i d e r o t h e r t o p o g r a p h i c f e a t u r e s , i n c l u d i n g banks, c o a s t a l headlands, and i s l a n d s .
where r e l a t e d phenomena may occur. B e n t h i c communities on seamounts may p r o v i d e a n i n i t i a l i n d i c a t i o n of p r o d u c t i v i t y , s i n c e t h e benthos may serve as an i n t e g r a t o r of p r o d u c t i v i t y of t h e o v e r l y i n g w a t e r column: sediments, where they occur on or around seamounts. may p r o v i d e a h i s t o r i c a l r e c o r d of t h e p a t t e r n s of such product i v i t y . Most s t u d i e s of seamount benthos, howe v e r , have been o b s e r v a t i o n a l or d e s c r i p t i v e . A g r e a t e r u n d e r s t a n d i n g of f a c t o r s s t r u c t u r i n g t h e communities on deep seamounts w i l l undoubtedly r e q u i r e t h e u s e of s u b m e r s i b l e s . The remarkable changes of environmental c o n d i t i o n s over r e l at i v e l y s m a l l d i s t a n c e s on seamounts, combined w i t h m a n i p u l a t i v e c a p a b i l i t i e s of r e s e a r c h subm e r s i b l e s , could prove most u s e f u l i n conducting c o n t r o l l e d e x p e r i m e n t s t o d e f i n e t h e mechanisms which s t r u c t u r e deep-sea communities. Experimental m a n i p u l a t i o n s commonly performed i n marine i n t e r t i d a l and s u b t i d a l r e s e a r c h have s i g n i f i c a n t l y c o n t r i b u t e d t o t h e u n d e r s t a n d i n g of key e c o l o g i c a l p r o c e s s e s .
Such m a n i p u l a t i o n s cannot t y p i c a l l y b e performed on s c a l e s l a r g e enough t o b e a p p l i c a b l e t o t h e open ocean. Warmand cold-core r i n g s have provided n a t u r a l e x p e r iments i n which i s o l a t e d p e l a g i c p o p u l a t i o n s have been s t u d i e d [Backus e t al.. 1981; Olson and Backus, 19851 . Seamount-induced upwelling and eddy g e n e r a t i o n may p r o v i d e s i m i l a r "manipulat i o n s . " P r o c e s s e s r e l a t e d t o t h e f o r m a t i o n and maintenance of t h e deep c h l o r o p h y l l maximum. f o r example. may b e s t u d i e d w i t h t h e temporally v a r y i n g u p w e l l i n g induced by seamounts. I n addit i o n . r e l a t i o n s h i p s between d i f f e r e n t t i m e s c a l e s of p h y s i c a l e v e n t s and t h e a s s o c i a t e d b i o l o g i c a l r e s p o n s e a t d i f f e r e n t t r o p h i c levels can c o n t r i bu t e s i g n i f i c a n t l y t o o u r u n d e r s t a n d i n g of marine e co 6ys t ems. Acknowledgments. W e thank t h e many p e o p l e who helped i n compiling t h e g r e a t d e a l of l i t e r a t u r e surveyed i n t h i s paper, p a r t i c u l a r l y V l a d i m i r Darnitsky, who provided much of t h e S o v i e t l i t e r at u r e , and Wilvan G. Van Campen. who t i r e l e s s l y provided t r a n s l a t i o n s .
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